INTRODUCTION
The human mitochondrial genome is a 16-kb circular, double-stranded DNA molecule that encodes 13 mitochondrial proteins, 22 transfer RNAs, and 2 ribosomal RNAs. Mutations of this genome have been implicated in cancer, disease, and aging (1) (2) (3) . To understand the mechanisms of mutation and the mitochondrial genotypes that lead to disease, pure populations of diseased and normal cells from clinical samples are required for a whole genome sequence comparison (4, 5) .
One method that allows for the separation of morphologically distinct diseased and normal cells from heterogeneous tissue sections is lasercapture microdissection (LCM). This technique utilizes a transparent thermoplastic film mounted on a glass cap. The film is placed on top of a tissue section and activated by a laser. Upon activation, the film melts and bonds to the cells of interest. When the film is removed, selected cells remain embedded in the film. The samples can then be processed for DNA extraction, RNA analysis, or other assays (6, 7) .
Although LCM is a valuable tool for the separation of populations of cells, small cell yields and poor DNA quality may present a major obstacle to further processing (8) . Thus, the consistent PCR amplification of complete mitochondrial genomes from LCM samples has yet to be accomplished. In our study, we have successfully designed a system for the amplification and automated sequencing of entire human mitochondrial genomes from LCMacquired surgical specimens.
MATERIALS AND METHODS

Overall Strategy
Our system consists of 18 (approximately 1 kb each) double-stranded reactions (Table 1) , followed by 36 single-stranded reactions ( Table 2) . The primary PCR products are large enough to allow for long sequencing runs but small enough to permit amplification from the relatively lowquality DNA template obtained from clinical LCM samples (9) . In addition, all of the double-stranded reactions have the same annealing temperature (55°C) and MgCl 2 salt concentration (1.5 mM). These key features promote accurate and efficient primary PCR amplification. To further increase the efficiency of this process, we employed the ABI PRISM  3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) for the automated sequencing of the single-stranded PCR products. This machine can sequence an entire mitochondrial genome in less than 15 h, which is a substantial improvement over manual Sanger sequencing. The entire process from microdissection to sequencing can take fewer than 72 h. This system greatly simplifies and expedites the task of mitochondrial DNA sequencing from LCM samples and has proven to be a valuable tool for comparing mitochondrial DNA in diseased and normal tissues.
Tissue Source
The tissues for our study were acquired from patients at Emory University Hospital (Atlanta, GA, USA) who had signed informed consent and were undergoing radical prostatectomies. Within 30 min of surgery, the prostate tissue specimens were embedded in Cryomatrix Frozen Specimen Embedding Medium (Thermo Shandon, Pittsburgh, PA, USA) and then stored at -80°C.
Tissue Sectioning
Immediately before microdissection, the samples were sectioned at 8 µm and -22°C using a Cryotome ® Electronic Cryostat (Thermo Shandon). The sample sections were placed on nonadhesive glass microscope slides (Fisher Scientific, Pittsburgh, PA, USA) and fixed with 70% ethanol for 1 min. Tissues were then rinsed with deionized water for 15 s and stained with Mayer's hematoxylin for 15 s. After this staining, the samples were dehydrated with 70% ethanol, followed by 95% ethanol for 1 min each. Eosin was applied for 15 s. The samples were then dehydrated in an increasing series of ethanol washes (95% ethanol for 1 min, 100% ethanol for 1 min, and then 100% ethanol for 1 min) and cleared in xylene (twice for 2 min each). 
Laser-Capture Microdissection
After allowing the samples to airdry for 5 min, a transparent CapSure Macro Cap (Arcturus Engineering, Mountain View, CA, USA) coated with a thermoplastic film was positioned on the tissue section's area of interest, and the entire slide was placed in the PixCell ® IIe Laser Capture Microdissection Instrument (Arcturus Engineering). The samples were microscopically examined for morphological characteristics to distinguish between tumor and normal tissues. Carcinoma and benign epithelium of the prostate were captured separately using a 7.5-µm diameter laser spot, 1.0-1.5 ms duration time, 55-65 mW power, and 4000-5000 targeted shots for each cap. The cells of interest were attached to the film when the low-power infrared laser was activated, which melted the special thermoplastic film over the cells. After collecting one cell type (tumor or normal), the cap, along with approximately 5000 bound cells, was removed from the section and placed in a 0.5-mL microcentrifuge tube. The entire process of collecting one cap took about 30 min, and the protocol was repeated when another cap was placed on a new section of tissue. Multiple caps (3) (4) (5) were collected for each tissue condition. Therefore, more than 20,000 cells were frequently collected from an individual prostate cancer and matched benign lesion. This number of cells was more than adequate for our experimental system and could be obtained through LCM in a reasonably short period of time. All samples were stored at -80°C until processing.
Proteinase Digestion
For one condition (tumor or normal), three films were peeled off of the CapSure cap with a sterile razor blade and sharp forceps. The films were placed near the open end and along the wall of a microcentrifuge tube. The removal of the films from the LCM caps allowed for cells from the same condition to be digested together, pooling the DNA and increasing the concentration and consistency of the results (10). Fifty microliters of proteinase K buffer [1 mg/mL pro- teinase K and 1% Tween ® 20 (SigmaAldrich, Milwaukee, WI, USA) in TE buffer (10 mM Tris-Cl, pH 8.0, 1 mM EDTA)] were added to each tube, and a fourth cap with film still attached was placed in the opening of the tube to be simultaneously digested (http: //dir.nichd.nih.gov/lcm/lcm.htm; then follow DNA Analysis link). The tube was then inverted and flicked so that the proteinase K would coat and cover the cells on each film. Parafilm ® was placed around the opening of the tube, and the inverted sample was placed at 37°C overnight. The digestion process was performed in exactly the same way for the opposing tissue condition.
Double-Stranded PCR
The next morning, after centrifuging the tubes briefly, the films were removed, and the proteinase K was inactivated at 95°C for 10 min. Two microliters of the digested solution were added to each of the 18 (100 µL) reactions, which consist of 2 µL 10 mM dNTPs (Roche Applied Science, Indianapolis, IN, USA), 6 µL 25 mM MgCl 2 , 1 µL AmpliTaq Gold ® , 10 µL GeneAmp ® 10× gold buffer (all from Applied Biosystems), 1.5 µL 10 pmol/ µL forward primer, 1.5 µL 10 pmol/µL reverse primer (Integrated DNA Technologies, Coralville, IL, USA), and 76 µL double-distilled water. PCR was initiated at 95°C for 7 min. The samples were then cycled as follows: 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min, with a 2-s extension in a Genius Thermal Cycler (Techne, Cambridge, UK). The reactions were purified and concentrated according to the manufacturer's protocol using Microcon ® PCR Filters (Millipore Bedford, MA, USA) that use centrifugation and water to quickly get rid of salts, dNTPs, and primers. Five microliters of each purified PCR product were electrophoresed on a 1% agarose gel containing 0.1 µg/mL ethidium bromide. Bands were viewed using an Eagle Eye II  Imaging System (Stratagene, La Jolla, CA, USA).
Single-Stranded PCR and Sequencing
For each double-stranded sample, a dilution was performed in distilled Sense primers are designated as forward (F), and antisense primers are designated as reverse (R). Sequencing primers were designed to accommodate the 700-bp sequencing limit with the BigDye Terminator version 3.1 Sequencing Kit. In addition, the primers account for the 80-bp of unreadable sequence directly following the sequencing primers. 
RESULTS AND DISCUSSION
We have designed an accurate and efficient system for the amplification and automated sequencing of human mitochondrial genomes from LCM surgical samples. The nonneoplastic glands were from intermediate to large size, with irregular branching lumens and two cell layers. In contrast, the cancer glands were smaller in size, demonstrate irregular infiltration of the surrounding stroma, and have a single epithelial layer (Figures 1 and  2 ). Our system consists of primary PCR products that are large enough to allow for long sequencing runs but small enough to permit the amplification of relatively poor-quality template from clinical LCM samples. In addition, these primary reactions all anneal at the same temperature and salt concentration, which is a major advantage that increases the efficiency of this step. Strong bands from whole genome amplification were seen for each of the 18 double-stranded regions (Figure 3) . The experiments were repeated seven times with the same result. The high-throughput automated sequencing capability of the ABI PRISM 3100 Genetic Analyzer further expedites the process without compromising sensitivity.
Our results were viewed using the Sequencher Gene Analysis Software version 4.0 (Gene Codes, Ann Arbor, MI, USA) as base sequences and chromatograms while being compared to the Cambridge-revised sequence for the mitochondrial genome (Figure 4 ). We were able to detect polymorphisms and mutations consistently and with high signal intensity. Heteroplasmy was also detectable, appearing on the chromatogram as two overlapping peaks at the same nucleotide position. In addition, we received reliable results in the highly variable D-loop region.
In summary, this system provides a quick and effective method for sequencing whole mitochondrial genomes from clinical LCM samples and has proven to be a valuable tool for comparing diseased and normal genomes.
